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              Titration By datA Locus   
In the Bacterial Chromosome Replication 
Preface 
In order to figure out the titration by datA locus, we combined the 
sequence analysis (Bioinformatics) and experiment of molecular 
biology. So the work was distributed into two parts. Yuan Zhang and 
HongBo Liu were in charge of sequence analysis. The abstract 1.2, the 
aim 3.2, the results 4.2.1, 4.2.2 and 4.2.3, the discussion 5.2, the 
material and methods 6.2.1, 6.2.2 and 6.2.3, the software 8 were 
done by Yuan Zhang and HongBo Liu. The primers were also designed 
by Yuan Zhang and HongBo Liu. Jing Wang and XiaoFang Ma were in 
charge of experiment of molecular biology. The abstract 1.1, the aim 
3.1, the results 4.1.1, 4.1.2, the discussion 5.1, the material and 
methods 6.1.1, 6.1.2 were done by the Jing Wang and XiaoFang Ma. 
We wrote the second part-“Introduction” together, which is about 
background of initiation of DNA replication. 
 
1. Abstract  
Bacterial chromosome replication initiates by binding of DnaA protein 
to the origin. DnaA protein is a sequence-specific DNA binding protein, 
which binds to eight DnaA boxes in the origin. There are also DnaA 
boxes on the datA region, which can influence the replication initiation 
through different binding affinity with DnaA protein.  
1.1 Experiment of Molecular Biology 
In order to characterize the influence of some DnaA boxes of datA 
region, we chose a 597bp of the datA region to analyze for DnaA 
protein binding. There are two 0 misfit DnaA boxes in this part 
separated by 152bp. We analysed the whole region as well as 
separated it in parts to find the relationship of different DnaA boxes 
for efficient titration of DnaA proteins. It shows that the two 0 misfit 
boxes need to cooperate both with each other and with other boxes 
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for good titration. It seems that the two 1 misfit boxes located along 
this region should play an important role.  
1.2 Sequence Analysis 
The sequence analysis of the origin for E. coli, Salmonella 
typhimurium, Shigella flexneri, Yersinia pestis, Vibrio Cholerae, 
shows that the high affinity DnaA boxes, R1, R2 and R4 are located in 
the same position of the origin, while low affinity DnaA boxes, R3 and 
M are located in the same position of the origin except the bacterium, 
Yersinia pestis. The origin of Yersinia pestis contains one more high 
affinity DnaA box that overlapping with R1. The sequence analysis of 
the datA locus for some bacteria shows that two high affinity DnaA 
boxes are located in the same position of datA region, while a few low 
affinity DnaA boxes are located between these two high affinity DnaA 
boxes. A low affinity DnaA box is close to the 0 misffit DnaA box with 
the same direction and the other low affinity DnaA box is close to the 
other 0 misfit DnaA box with the opposite direction.  
2. Introduction 
2.1 Initiation of DNA replication 
DNA replication starts with initiator protein DnaA binding to the DNA 
site which is called replication origin (termed oriC in Escherichia coli). 
DnaA protein, as an initiation factor, plays an important role in DNA 
replication initiation. DnaA protein binds to eight DNA boxes (the 
DnaA box: TTA/TTNCACA) and helps to open the OriC. ATP-DnaA and 
ADP-DnaA have the same affinity of binding to DnaA boxes, but DnaA 
is only active in the unwinding reaction when ATP binds to DnaA 
(Messer et al, 2002). The oriC region contains the five old nonamer 
DnaA boxes R1, R2, R3, R4 and M, which all bind ADP-DnaA and ATP 
DnaA equally well. In addition oriC region contains the three I sites, 
nonamer DnaA boxes, I1, I2 and I3. I1 is a low affinity ATP 
independent binding site. I2 and I3 preferentially bind DnaA-ATP 
(McGarry et al., 2004).When DnaA protein binds to the eight DnaA 
boxes, assisted by integration host factor IHF, the AT-rich region of 
oriC is unwound. Single stranded binding protein (SSB) binds the 
separated DNA strands to prevent them in re-annealing. The DnaC 
protein then loads the DnaB protein onto the unwound region. DnaB 
Helicase is able to open double helix. Now primase can enter the 
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complex and synthesize two leading strand primers. The sliding clamp 
(β-subunit) is loaded onto each primed template by the clamp loader. 
And two β-subunit of DNA polymerase III are assembled on the DNA 
strands to start DNA replication (Messer et al, 2002). The E.coli 
initiation cycle is shown in figure 1.  
There are three mechanisms for regulation of replication initiation in 
E.coli: titration of DnaA Protein, binding DnaA to the increasing 
number of DnaA boxes formed by replication of the chromosome 
(Hansen, F. G., et al, 1991), the seqA protein sequestration of the 
newly replicated hemi-methylated oriC (Campbell, et al, 1990). The 
last mechanism is a regulatory inactivation of DnaA (termed RIDA), 
which is for negative regulation of initiation. Hda which regulates the 
Inactivation of DnaA by ATP hydrolysis prevents further initiations 
(Jun-ichi Kato and Tsutomu Kataama, 2001).  
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Fig. 2.1 The initiation cycle of E. coli (Messer et al, 2002) 
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2.2 Description of DnaA 
DnaA has four domains (Carr, K.M.et al, 1998) (See fig.2.2). DnaA 
helps DnaB loading on the OriC (Simmons LA et al, 2003). Domain I 
[amino acid residues (aa) 1-56] is involved in DnaA oligomerization 
and interaction with DnaB protein (Weigel,et al,1999). Domain II[aa 
57-129] , amino acids 87-134 can be deleted without losing any 
functions (Messer et al, 2002).Domain III[aa 130-350] is involved in 
ATP-binding(Messer et al, 2002). Domain IV [aa 351-467] of DnaA is 
able to bind to OriC and it contains a helix-turn-helix DNA binding 
motif (Roth, A. and Messer, W. 1995) (Fujikawa et al, 2003). The 
crystal structure of DnaA domain IV is composed of six a-helices and 
four loops, which are consistent with the secondary structure analysis 
by NMR (Fujikawa et al, 2003). 
 
 
Fig. 2.2 Functional domains of DnaA protein (Sutton MD, et al, 1998) 
2.3 Organization of oriC 
The E. coli replication origin (oriC) consists of 245 bp, which bears 
DNA sequence elements that are highly conserved among bacterial 
replication origins.  
Fig.2.3 Schematic replication origin of E.coli (modified the figure from Lobry,J.R., 1996) 
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The key elements in the origin region are three 13-mer motifs and 
eight DnaA boxes. Each DnaA box consists of a 9-mer. The 13-mer 
motifs sequences are rich in AT pairs, which are consequently easier 
to be separated upon initiation of replication. The oriC region contains 
the five old nonamer DnaA boxes R1, R2, R3, R4 and M, which all bind 
ADP-DnaA and ATP DnaA equally well. In addition oriC region contains 
the three I sites, nonamer DnaA boxes, I1, I2 and I3. I1 is a low 
affinity ATP independent binding site. I2 and I3 preferentially bind 
DnaA-ATP (McGarry et al., 2004). Furthermore, the oriC region 
contains multiple GATC-sites that are recognized by Dam methylase, 
and Dam methylase methylates adenine residues of the GATC sites 
(Lobry,J.R., 1996). In addition, the DNA-bending proteins FIS and IHF 
have specific binding sites in oriC. FIS binds to oriC between DnaA box 
R2 and R3 (Fig 2.3). Fis protein has a negative effect on initiation of 
replication. Fis protein prevents initiation of DNA replication from oriC 
in vitro. And it contributes to the formation of a structure at oriC that 
is incapable of promoting strand opening (Wold, S., Crooke, E. and 
Skarstad, K. 1996). IHF binds and causes DNA bending in oriC. IHF 
binds to a unique oriC site between R1 and R5 (M) (Polaczek, P. 
1990).  
IHF stimulates open complex formation by DnaA on supercoiled oriC. 
IHF stimulates redistribution of DnaA from high affinity (R1 and 
R4) to lower affinity sites (R5M, I sites and R3) (Grimwade, J.E.,et at, 
2000).  
 
 
Fig. 2.4 oriC contains several DnaA boxes (Hansen, et al, 2007) 
 
DnaA boxes R1, R2 and R4 are bound by DnaA with the high affinity 
(Hansen , et al, 2007).  
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Fig. 2.5 DnaA boxes in oriC of E. coli (Fujikawa, et al, 2003) 
 
DnaA exhibits higher affinity for the strong DnaA boxes (R1, R2 and 
R4) than the weak DnaA boxes (R3 and M) in the replication origin. 
The R3 sequence contains an A:T base pair at position 10 (C10:G10* 
in R1), and the M sequence contains C:G and T:A base pairs at 
positions 4 and 7 (T4:A4* and C7:G7* in R1, respectively). These 
differences in the R3 and M sequences affect the DnaA binding 
affinities (Fujikawa, et al, 2003).  
 
2.4 datA-Regulation of replication initiation 
A novel chromosomal site which unusually titrates large amounts of 
DnaA proteins is named datA (DnaA titration). Titration of DnaA 
protein by oriC DnaA-boxes increases dnaA gene expression in 
Escherichia coli (Hansen FG, et al, 1987), while datA site contributes 
to negative control of replication by reducing the level of free DnaA 
protein through titration (Kitagawa et al., 1998). But excessive datA 
inhibits the initiation of replication in E.coli (Ogawa T, et al, 2002).  
 
The datA regulation of oriC initiation plays a significant role (Morigen, 
et al, 2001). datA has a high binding affinity with DnaA protein, which 
is able to prevent overinitiation (Morigen, et al, 2003). Excess datA 
delays initiation of replication as well as cell division (Morigen, et al, 
2003). A new set of rules for identifying efficiently titrating DnaA box 
regions was formulated and used to analyse sequences for which 
good titration data are available (Hansen, et al, 2007). 
 
Fig. 2.6mioC promoter region (Hansen,et al, 2007) 
 
First of all, they found that plasmids carrying the mioC promoter 
region are as efficient as plasmids carrying a replication-inactivated 
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oriC region with its eight DnaA boxes. And then, they found that R6 
DnaA box is required for efficient titration. Furthermore, R6 region is 
dependent on R5 DnaA box. This cooperative binding is an essential 
rule for identifying efficient titration of DnaA. Another rule for good 
titration is that the region must contain at least one high affinity DnaA 
box. They also found that proper spacing of DnaA boxes is essential 
for efficient DnaA binding. These above results from the literature 
(Flemming G,et al, 2007) could be very helpful for the following 
sequence analysis of the datA region. 
 
Fig.2.7 datA locus contains several DnaA boxes (Hansen, et al, 2007) 
 
The datA region titrates DnaA very efficiently and contains two 
consensus DnaA boxes (DnaA box 2 and 3) and three one misfit boxes 
(DnaA box 1, 4 and 5).  
 
 
3. Aim 
We intend to find the titration ability of different DnaA boxes in datA 
region as well as the similarities of DnaA boxes in origin and datA 
region of other strains besides E.coli. The conserved regions should 
play an important role in titration of DnaA protein. 
For the analysis, our project is divided into two parts: one is the 
experiment of molecular biology with only E.coli, while the other is the 
sequence analysis in different strains using bioinformatics method 
3.1 Experiment of Molecular Biology 
In our experiment, different parts of datA which contains many DnaA 
boxes could be recombined with a plasmid pRR1. Then the new 
plasmid is transformed to stain TC4797. There is a dnaA-lacZ fusion 
gene in the chromosome of TC4797. Binding of free DnaA proteins by 
datA fragments in the recombinant plasmids can derepress the dnaA 
promoter of this fusion gene. So the expressed free DnaA protein can 
be measured by the activity of β-galactosidase, the product of fusion 
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lacZ gene. The result can reflect the titration activity of DnaA boxes in 
datA region. 
  
Flow cytometry experiment can also be used to investigate the effect 
of datA region to the cell. In a culture of cells with synchronous 
initiation, the integral number of chromosomes region is two, four or 
eight, whereas in the asynchronous initiation, the cells with three, five, 
six or seven chromosomes regions may produce. If too many DnaA 
proteins are titrated by datA region, the cell can not timely or 
correctly initiate replication. The content of DNA can be measured on 
flow cytometer to show the influence. 
 
3.2 Sequence analysis 
We wanted to find the origin and datA locus from some bacterial 
genome sequences by using GenSkewApp and WinSeq respectively. 
And then, we are going to look at the dnaA boxes in the origin region 
and the datA region. And we’ll make a figure for the dnaA boxes of 
each bacterium. Analyse the sequence of the origin of these bacteria 
and compare those dnaA boxes of the different origins. Try to find out 
the similarity of origin region. In the same way, we will try to find out 
the similarity of datA region. The aim is to find out the way that the 
datA locus titrates the free DnaA protein. 
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4. Results 
4.1 Results of Experiment Part 
4.1.1 Cloning of datA gene fragments and recombination of plasmids 
pRR1-datA with different DnaA boxes. According to study done by 
others about DnaA boxes, we guessed that the two 0-misfit boxes 
may have strong binding ability, especially work together with several 
boxes around which only have one or two interval bases among them. 
One DNA helix required average about ten bases, so the existing or 
suspected nine-base boxes may be present on the same side in the 
DNA helix to form a proper structure. The six fragments f1 to f6 we 
desired were used to analyze the binding or regulatory ability of the 
good boxes (no or less misfit) and to find the contribution of other 
boxes localize in datA region. Fragment f1 is the longest one for total 
binding ability of the boxes; f2 and f3 are small fragments which focus 
on the 0-misfit boxes with some closely surrounding ones; f4, f5, f6 
are expected to find how much contribution of other boxes which are 
near or far away from the each 0-misfit box. These results may 
provide primary information for further study of sequence and 
structure features about DnaA boxes in datA. 
 
 
Figure 4.1.1: map of pRR1 drawn by WinSeq 1.0 
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Figure 4.1.2: Schematic illustration for position and length of desired fragments 
 
4.1.1.1 PCR amplification of datA fragments 
Primers designed by WinSeq 1.0 (Flemming G. Hansen Department of 
Microbiology Technical University of Denmark). datA gene fragments 
were amplified by PCR and purified by High Pure PCR spin columns. 
The pictures in figure indicated the primers we designed and the 
reaction condition we used are reasonable, but need further 
optimization. We got six right size fragments of datA gene, named 
from f1 to f6 with length of 597bp, 102bp, 115bp, 222bp, 386bp, 
277bp respectively.  
 
Figure 4.1.3: Electrophoresis test of amplified PCR products, indicated by gene ruler marker. 
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4.1.1.2 Digestion of PCR fragments and plasmid pRR1 by 
Restriction Enzymes 
For this step, we saw from the figure 4.1.4, the restriction enzymes 
(Xba I & EcoR I) worked well and all the samples were cut sufficiently. 
The picture can also tell us the information of DNA concentrations 
which is important to give a good efficiency of ligation. 
 
 
Figure 4.1.4: Digestion of PCR fragments and plasmid pRR1 by Restriction Enzymes. In 
picture A (lane 1: gene ruler marker; lane 2-6: f1 to f4; f6 lane 7: uncut pRR1; lane 8: pRR1 
cut by Xba I; lane 9: pRR1 cut by EcoR I; lane 10: pRR1 cut by Xba I & EcoR I; lane 11:λbst 
marker), In picture B (lane 1: gene ruler marker; lane 2: f3 lane 3: f4; lane 4& 5: pRR1 cut 
by Xbal I & EcoR I; lane 6: uncut pRR1; lane 7&8: λbst marker) 
 
4.1.1.3 Cloning and identification of datA fragments by PCR 
and sequencing. 
We inserted the six fragments f1 to f6 into pRR1 by ligation and 
transformed the ligation products into strain TC4797 (attB::pdnaA- 
lacZ fusion). Only strains containing pRR1 or pRR1-datA can grow on 
Amp & LB plates because of the Amp resistance of pRR1. Then we did 
primary identification of recombinant plasmids by PCR, using the 
colonies on the plates as templates. For f1, f2, f5, f6, we used two 
common primers which are derived from pRR1 (the pBR1A and gfp 5); 
for f3, f4 we used one common pBR1A and the other one is derived 
from the fragment itself. But unfortunately, we did not get positive 
product for f6 in this experiment. 
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We selected No. 5, No. 14 for sequencing. 
Finally No. 14 was used for titration. 
For f5 (386bp) 
 
We selected No. 1, NO.6, No.14, No.15 for 
sequencing. Finally No. 1 was used for 
titration. 
For f4 (222bp) 
 
We selected No. 3, NO.4, No.5, No.10, 
NO.12, and No.15 for sequencing. Finally 
No. 4 was used for titration. 
Forf3 (115bp) 
 
We selected No.5, NO.6 and No.15 for 
sequencing. Finally No. 15 was used for 
titration.  
For f2 (102bp) 
 
For f1 (597bp): We selected No. 7, NO.9, 
No.12 for sequencing to confirm. We found 
No.7 was smaller than others, which 
implied we lost some bases of f1 during 
cloning. Finally No. 7 &12 were used for 
titration. 
F 1 
F 2 
F 3 
F 4 
F 5 
 
Figure 4.1.5: Identification of colonies by PCR. 
 
Amplify and purify the positive strains for sequencing. Run samples 
on sequencing machine. Do alignment in the sequencing results and 
the provided original data, using Chromas Lite 2.01 and Winseq 
programme. 
 
For f1 (no.12, primers were showed by yellow): the fragment inserted 
the pRR1 successfully without visible mutation. But compare to f1 
no.12, f1 (no.7, start position showed by green), we called f1s, lost 
about 110 bases at the beginning, including two 3-misfit inverse 
boxes (red) in it. 
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               70          80          90          100         110         120         130         
f1         GAATTCCCGCTCCAAAATTTGAAAAGTGCTGCAAAGCACAGACCACCCAAGCGGGAATAGCTCAGTTGGTAGAGCA 
X::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
PRR1-f1   GAATTCCCGCTCCAAAATTTGAAAAGTGCTGCAAAGCACAGACCACCCAAGCGGGAATAGCTCAGTTGGTAGAGCA 
AAACTTTTC CGACGTTTC 
 
                    30          40          50          60          70          80          90        
 
           140         150         160         170         180         190         200          
f1         CGACCTTGCCAAGGTCGGGGTCGCGAGTTCGAGTCTCGTTTCCCGCTCCAAAATTTGAAAGTGCTGTAAGGCA 
           ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
PRR1-f1   CGACCTTGCCAAGGTCGGGGTCGCGAGTTCGAGTCTCGTTTCCCGCTCCAAAATTTGAAAGTGCTGTAAGGCA 
             100         110         120         130         140         150         160         
 
210         220         230        240         250         260         270         280  
f1           CAGACCACCCAAGCGGGAATAGCTCAGTTGGTAGAGCACGACCTTGCCAAGGTCGGGGTCGCGAGTTCGAGTCTC 
             :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
PRR1-f1     CAGACCACCCAAGCGGGAATAGCTCAGTTGGTAGAGCACGACCTTGCCAAGGTCGGGGTCGCGAGTTCGAGTCTC 
               170        180         190        200         210       220       230       240     
 
                      290        300        310        320        330        340        350       
f1          GTTTCCCGCTCCAAATTCTTCTCTCAATAAAATATCCACAGCGACGCGATGCGTTATTGCTGGTTTTTGTTGTC 
             :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
PRR1-f1    GTTTCCCGCTCCAAATTCTTCTCTCAATAAAATATCCACAGCGACGCGATGCGTTATTGCTGGTTTTTGTTGTC 
                250        260        270       280       290       300       310       320       
 
360       370        380        390        400        410         420         430     
f1          TCTGACAAACTCTTGTAAACAGAGTTATCCACAGCCTCAGGCTGTAATCTTAATTTCAAAGAAACTTCGCACGGT 
             ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
PRR1-f1    TCTGACAAACTCTTGTAAACAGAGTTATCCACAGCCTCAGGCTGTAATCTTAATTTCAAAGAAACTTCGCACGGT 
            330         340        350        360         370        380         390        400  
 
             440        450       460        470         480         490         500         510  
f1           GAATAGTATTTTTTTAACCTATTGATAGGATAAGTTAAAAATTAAGATTCCGTTTTGTCGAGTCGATCACTTGAC 
             :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
PRR1-f1     GAATAGTATTTTTTTAACCTATTGATAGGATAAGTTAAAAATTAAGATTCCGTTTTGTCGAGTCGATCACTTGAC 
                    410         420         430         440        450        460         470      
 
                      520         530         540        550         560         570        580    
f1           GATTTTATTCGTCTTGAATTGCAATGCGTTTTTATTTTTATTCACAAGCTGTGGATGAATCAGGCGTCACGCGGT 
             ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
PRR1-f1     GATTTTATTCGTCTTGAATTGCAATGCGTTTTTATTTTTATTCACAAGCTGTGGATGAATCAGGCGTCACGCGGT 
                 480         490         500        510        520         530         540          
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                   590       600        610        620        630        640        650    
f1            AACCCTTTTTCAATCACCCGAACCAGACGCTGTTTTTTCGGCAATTGCACTTCGACTATGCTCTAGA 
              ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
PRR1-f1      AACCCTTTTTCAATCACCCGAACCAGACGCTGTTTTTTCGGCAATTGCACTTCGACTATGCTCTAGA 
             550       560        570       580       590       600               610      
 
For fragments f2, f3, f4, f5 in recombinant plasmids, the details of 
sequencing result will be present in the Appendix. So far, we 
successfully obtained six recombinant plasmids: pRR1-f1s, pRR1-f1, 
pRR1-f2, pRR1-f3, pRR1-f4 and pRR1-f5. We renamed the strains 
containing them TC5283, TC5284, TC5285, TC5286, TC5287, TC5288 
respectively.  
 
4.1.2 DnaA binding activity assay of datA gene fragments studied by 
titration. The plasmids have datA gene fragments with different 
numbers and composition of DnaA boxes, which may cause different 
binding activity of free DnaA proteins change. Here we used two 
method: beta-galactosidase acitvity assay with ONPG and Flow 
Cytometry to analyze the influence of DnaA boxes in datA on dnaA 
promoter expression and initiation of replication in recombinant 
strains.  
 
4.1.2.1 β-galactosidase activity assay with ONPG 
High concentration of free DnaA protein inhibits the dnaA promoter 
from starting transcription. Strains TC5283 to TC5288 contain both 
promoter-dnaA-lacZ fusion chromosomal gene and plasmids with 
different datA fragments. If free DnaA proteins bind the DnaA boxes in 
datA, the dnaA promoter is activated, and then β-galactosidase, the 
products of fusion lacZ gene increase. The activity of dnaA promoter 
and binding activity of DnaA-boxes in datA will be reflected by OD420 
of products of interaction between β-galactosidase and ONPG. We 
used TC5243 which contains only pRR1 as control.  
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Figure 4.1.6: Activity of beta-galatosidase assay (data details in appendix) with reaction time 
420 min and 0.2 ml sample. We measured the OD420 two times. As mentioned in method 
part, we named 10 times dilute sample as step 1; the following 5 times dilute sample as step 
2. TC5243 (pRR1) is control. 
 
For TC5283 and TC5284, the activity of beta-galatosidase increased 
apparently, which is about 1.8~ 2.6 times more the the control one. 
That suggests us datA fragments f1s and f1 we transferred into 
TC4797 had a quite strong binding affinity of free DnaA proteins and 
changed the dnaA promotor activity. But we also can see the 
difference between TC5283 and TC5284, which implies that the lost 
DanA boxes have a contribution to protein binding. TC5285 had a little 
effect; while TC5286, TC5287 contribute nothing, even had a little 
negative function. TC5288 seemed that boxes in f5 can work which 
may be confirmed by flow cytometry data.  
 
4.1.2.2 Flow Cytometry Assay  
DnaA proteins are very crucial for replication initiation. Normally, the 
integral number of chromosomal origins (oriC) in exponentially 
growing cells is two, four or eight. The population of two oriC is small 
because another round of replication start quickly which lead to the 
cells of four oriC become dominant in short time, then cells which go 
on the third time of replication appear. If too many proteins are 
attracted by DnaA boxes of datA fragments, the cells can not timely 
and correctly initiate replication. The phenomenon can be showed by 
measuring the DNA content on flow cytometry.  
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The population of cells contain four oriC is dominant, so fluorescence 
intensity of one oriC in most cells can be calculated by FL34/ 4. Then 
the average number of oriC per cell can be estimated. Compare to the 
dominant number four, the titration activity can be reflected.  
 
The number of oriC may not be 2n (n= number of replication), that is, 
one oriC can replicate well, while another stop replication or start 
slower than the normal one. So the 3, 5, 6, 7 oriC which means 
asynchronous replication produce. 
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Figure 4.1.7: Flow cytometry assay. Samples were treated with rifampicin and Chephalexin; 
staining by Mithramycin and Ethidiumbromide. TC5243 is the control one. 
 
Table 4.1.1: Titration analysis by flow cytometry  
 LS LS ratio oriC/cell LS ratio/(oriC/cell) AS% 
TC5243(pRR1) 95 1.00 5.00 0.20 4.4% 
TC5283(f1s) 120 1.26 4.79 0.26 14.1% 
TC5284(f1) 120 1.26 3.85 0.33 21.7% 
TC5285(f2) 101 1.06 5.05 0.21 5.4% 
TC5286(f3) 94 0.99 5.10 0.19 3.8% 
TC5287(f4) 93 0.98 5.04 0.19 4.1% 
TC5288(f5) 99 1.04 4.26 0.24 12.5% 
 
For TC5284, a peak of one time DNA suggests that the cells can not 
start replication but with big volume, the reason may be two many 
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plasmids copied in strain to bind DanA proteins. The 2D- plot did not 
strictly parallel to the x- axis, which also implies much plasmid DNA 
and RNA that can be staining in the strains. Asynchronous initiation 
with the three, five, six or seven oriC appeared. We deduced a quite 
strong binding occurred between fragment f1 and DnaA proteins. 
TC5283, with a shorter f1 fragment, the cell size was nearly as same 
as TC5284, which may implies a lot of plasmids work to influence the 
replication, though weaker than the pRR1-f1.We try to explain the 
phenomenon by some hidden interesting boxes in the lost region of 
f1s.  
 
For TC5285, a similar phenomenon showed, but with only a little 
change. It is a little surprising that f2, which contains 3 boxes (one of 
them is 0-misfit), has a very weak effect. Is that means only a perfect 
box, even with few boxes around, is not enough for binding DnaA 
protein, many of other boxes should give a combinatorial function. We 
can not find some sufficient change in TC5286, TC5287.  
 
TC5288 showed a increase in two oriC population, decrease in eight 
ones without big change in cell size. We deduced a quite strong 
titration happened. PPP1-f5 in TC5288 contains all the boxes in f2, 
lost boxes in f1s and some other boxes. Based on the results, the 
0-misfit box may have strong binding ability but need assistant boxes  
to form the special structure. 
 
4.2 Results of Sequence Analysis 
4.2.1 Selection of Taxonomy group 
To find out the characteristic of oriC region and datA region, first of all, 
we try to select some species in a specific taxonomy group. We 
already know the location of oriC and datA in E. coli K12 genome. E. 
coli O157 genome sequence is very similar with E. coli K12. They are 
both belonging to Gammaproteobacteria group. We also selected the 
other species, Salmonella typhimurium LT2, Shigella flexneri 2a 
str.301, Yersinia pestis CO92, Pseudomonas aeruginosa PA01, Vibrio 
cholerae O1 biovar eltor and Vibrio fischeri ES114 in the 
Gammaproteobacteria group. The genus of Vibrionaceae has two 
chromosomes, which is the difference with other genus. Most species 
of Alphaproteobacteria, Betaproteobacteria and Deltaproterobacteria 
are not well known about their characteristic of oriC and datA region. 
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So we selected two species for Alpha and Beta group respectively. And 
we selected ‘Geobacter’ in Delta group (Fig. 4.2.1).  
Cellular organisms
    Bacteria
        Proteobacteria
            Alphaproteobacteria
              Rickettsiales
                    
Candidatus Pelagibacter ubique
Caulobacterales
                          Caulobacter crescentus CB15
          Betaproteobacteria
              Burkholderiales
                    Ralstonia solanacearum GMI1000
              Neisseriales
                    Neisseria meningitidis Z2491
          Gammaproteobacteria
              Enterobacteriales  
                           Escherichia
                    Escherichia coli K12
                    Escherichia coli O157:H7
                  Salmonella
                    Salmonella typhimurium LT2 
                  Shigella
                    Shigella flexneri 2a str.301
                  Yersinia
                    Yersinia pestis CO92 
              Pseudomonadales
                Pseudomonas aeruginosa PA01 
              Vibrionaceae
                    Vibrio cholerae O1 biovar eltor
                    Vibrio fischeri ES114
          Deltaproteobacteria
              Geobacteraceae
                    Geobacter sulfurreducens PCA
Fig.4.2.1 Taxonomy group of Bacteria 
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Based on the sequence analysis of those species, we can see the 
similarity for distribution of DnaA boxes in oriC and datA regions. 
 
4.2.2 Identification of origin for 13 bacteria 
The most universal method of putative oriC identification in bacterial 
chromosomes is DNA asymmetry. The asymmetry changes its 
polarity at the origin and the terminus of chromosome replication, 
where DNA strands change their character from leading to lagging 
and vice versa. So it is possible to identify the origin by analysis of 
chromosome asymmetry (Lobry, J.R.1996). GenSkewApp program 
was developed by using this principle, which is called GC-skew 
analysis. The leading strand is enriched in G, while the lagging strand 
is enriched in C. GC-skew analysis measure the distribution of Gs in 
the content of GC. We could find out the position of oriC in the genome 
sequence by GenSkewApp.  
 
E. coli K12 origin identification 
First of all, we opened the nucleotide sequence file of each bacterium 
by GenSkewApp. We could see the predicted position of origin in the 
genome sequence for each bacterium.  
 
Fig.4.2.2 Identification of oriC in E. coli K12 by GenSkewApp 
 
In the above figure, we can see that there are two peaks marked by 
yellow line and position value. One of them indicates the origin and 
the other indicates the terminate region. So we can see that E. coli K 
12 with accession number [NC_000913] has replication origin that is 
located at 3,919,956bp. Next, we could look around this origin region 
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to find out whether it contains any DnaA boxes. We opened the E. coli 
genome sequence file by WinSeq. And then, we clicked ‘Genomic 
tools’ menu and selected ‘View details’. We can see the detailed Map 
of NC_000913. We moved the scroll bar until we found the position 
3,919,956bp.  
 
Fig.4.2.3 Identification of oriC in E. coli K12 by WinSeq 
* Three 0 misfit DnaA boxes are located between gidA and mioC.   
* dnaAbox0AN indicates the 0 misfit DnaA box , its sequence is TTATNCACA 
* dnaAbox0TC indicates the 0 misfit DnaA box, its sequence is TTTTCCACA 
 
In the figure 4.2.3, the position 3,919,956 is marked by yellow 
triangle. We looked around this position to find out where the 
sequence contains more DnaA boxes. We found three dnaA boxes 
with 0 misfits that are located in the region between gidA gene and 
mioC gene. As we know, good titration region must contain at least 
one high affinity DnaA box (Hansen FG, et al, 2007). So this region 
contained three high affinities DnaA boxes might be oriC region of E. 
coli K12. To confirm this result, we found the literature which has 
already mentioned that oriC of E. coli is located between the gidA and 
mioC genes (Fuller RS, et al, 1984). The oriC region of E. coli K12 
contains the five old nonamer DnaA boxes R1, R2, R3, R4 and M. In 
addition oriC region contains the three I sites, nonamer DnaA boxes, 
I1, I2 and I3 (McGarry et al., 2004).  
 
E. coli O157 origin identification 
Subsequently, we did sequence analysis for E. coli O157 by using the 
same above procedure. First, we found the oriC position by GC skew  
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analysis which is 4,717285. And then, we used the WinSeq to find the 
high affinity DnaA boxes around that region (See Fig 4.2.4).  
 
Fig.4.2.4 Identification of oriC in E. coli O157 by WinSeq 
 
In the figure 4.2.4, the position 4,717,285 is marked by yellow 
triangle. We found three dnaA boxes with 0 misfits that are located in 
the region between 4,719,220 and 4,719,440. So this region 
containing three high affinity DnaA boxes should be oriC region of E. 
coli O157. This sequence of oriC in E. coli O157 is 99% identity to E. 
coli K12. 
 
Salmonella typhimurium and Shigella flexneri origin 
identification 
The similar characteristic of gamma proteobacteria sequences is that 
most of them have gidA and mioC genes. The replication origin might 
be between those two genes. We could look at this region to see 
whether it contains high affinity DnaA box. We found that Salmonella 
typhimurium and Shigella flexneri both have gidA and mioC genes. 
The region between these two genes has three high affinity DnaA 
boxes. The position 4079881 is the origin of Salmonella typhimurium 
and the position 3819204 is the origin of Shigella flexneri from the GC 
skew analysis. These two regions between gidA and mioC are close to 
the origin regions from GC skew analysis. These two predicted origin 
regions contain some conserved DnaA boxes comparing with E. coli 
K12. So they have very high possibility to be the origin regions.  
 
Yersinia pestis origin identification 
The easy way of origin identification is to find gidA gene. The origin 
might be located at the upstream or downstream of gidA gene. 
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Yersinia pestis with accession number [NC_003143] have gidA gene. 
So we could use the easy way to find the origin region. Some DnaA 
boxes are located at the upstream of gidA gene. The other way that 
we could use is the same as that way of E. coli K12 oriC analysis.  
First, we found the oriC position by GC skew analysis which is 1 bp. 
And then, we used the WinSeq to find the affinity DnaA box around 
that region (See Fig 4.2.5). The predicted origin region was found at 
the same position by two different ways. This predicted origin region 
contains same conserved DnaA boxes comparing with E. coli K12. So 
this region has very high possibility to be the origin of Yersinia pestis.  
 
  
 
Fig.4.2.5 Identification of origin in Yersinia pestis by WinSeq 
* gidA gene is located at the end of genome sequence of Yersinia pestis.  
 
Pseudomonas aeruginosa origin identification 
Psudomonas aeruginosa has a gidA gene. First, we found the oriC 
position by GC skew analysis which is 6,238,945 bp. And then, we 
used the WinSeq to find the affinity DnaA boxes around that region 
(See Fig 4.2.6).  
     
Fig.4.2.6 two predicted origins in Pseudomonas aeruginosa by WinSeq 
 
The upstream of gidA region contains two DnaA boxes with high 
affinity. The upstream of dnaA region contains five DnaA boxes with 
high affinity. These two regions must be the two origins of 
Psudomonas aeruginosa. It is proved by the literature (Yee T.W. and 
Smith D.W. 1990) 
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Vibrio cholerae origin identification 
Vibrio cholerae has two chromosomes. The sequence of oriCIvc is 
very similar to oriC of E. coli. The origin of chromosome II has been 
found in an intergenic region ig2 which is localized between rctA and 
rctB (Egan, E. S, et al, 2003).  
GC-Skew analysis indicates that origin of chromosome I is located 
around position 1 bp. Some DnaA boxes are located at the upstream 
of gidA gene between 1 and 372. The region contained four DnaA 
boxes with high affinity. This predicted origin region contains some 
conserved DnaA boxes comparing with E. coli K12. This predicted 
origin is proved by the literature (Egan, E. S, et al, 2003). So this 
region between 1 and 372 must be origin of oriCIvc. 
 
Vibrio fischeri origin identification 
Like Vibrio cholerae, Vibrio fischeri also has two chromosomes. 
GC-Skew analysis indicates that origin of chromosome I is located 
around position 1 bp. Some DnaA boxes are located at the upstream 
of gidA gene between 1 and 350.This region contains three DnaA 
boxes with high affinity. So this region between 1 and 350 has high 
possibility to be the origin of oriCIvf. 
 
Geobacter sulfurreducens origin identification 
The position 7629bp was showed to be origin of Geobacter 
sulfurreducens by GC skew analysis. When we looked at the region 
around this position, the affinity DnaA box can not be found. So we 
tried to look at other regions to find the affinity DnaA box. We found 
that there are three high affinity DnaA boxes between 515594 and 
515708 (Fig. 4.7). The region between 1279068 and 1279352 also 
contained three high affinity DnaA boxes (Fig. 4.8). So these two 
putative origin regions should be proved by experiment. As we know, 
there are some ribosomal RNAs downstream the origin. We found that 
some ribosomal RNAs are located around 684698 and 1224149, 
which are closed to two putative origins respectively. Chromosome 
starts replication with bidirectional in an adjacent origin region. Based 
on the direction of rrn transcription, we concluded that the origin of 
Geobacter sulfurreducens might be located between 515594 and 
515708.  
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Fig.4.2.7 the first putative origin location and ribosome RNA location 
 
he three high affinity DnaA boxes are located between 515594 and 
 
 
Fig.4.2.8 the second putative origin location and ribosome RNA location 
 
he three high affinity DnaA boxes are located between 1279068 and 
 of 
aulobacter crescentus origin identification 
romosome 
A gene 
alstonia solanacearum origin identification 
the position 1bp, 
which was from GC skew analysis. And then, we looked at the 
 
T
515708. Some ribosome RNAs are close to that region. The direction 
of ribosome RNA should be from left to right if location of ribosome 
RNA is downstream of origin region. So this region is likely the origin
of Geobacter sulfurreducens.  
 
 
T
1279352. Some ribosome RNAs are closed to that region. The 
direction of ribosome RNA should be from right to left if location
ribosome RNA is upstream of origin region. So this region might not 
be the origin.  
 
C
From the literature, we know that C.crescentus ch
replication origin lies between hemE and RP001, an unusual 
intergenic region. And its origin is located ~5kb from the dna
region (Brassinga, A. K. & Marczynski, G. T. 2001).  
 
R
The origin of Ralstonia solanacearum is located in 
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gene. This region has high probability to be the origin of Ralstoni
solanacearum.  
 
Neisseria menin
B
ribosome RNA location or direction, two putative
meningitides can be found. One of them is located ~307kb from the 
dnaA gene region. The other is located ~280kb from the dnaA gene 
region. These two regions are likely the origins of Neisseria 
meningitides.  
 
Candidatus Pe
T
Pelagibacter ubique is similar to the origin of C.crescentus.
origins are both located on the upstream of hemE gene. The 
region of C.pelagibacter ubique only contains one high affinity Dna
box. 
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M 
.2.3 Identification of datA region for 13 bacteria 
mounts of 
DnaA protein, this site is named datA (DnaA titration). datA site 
f 
s 
f 
he datA region of Escherichia coli contains three Glycine tRNA, 
 region that downstream of glyY 
 
similar. For some bacteria, E. coli, Salmonella typhimurium, Shigella 
flexneri, Yersinia pestis, Vibrio Cholerae, high affinity DnaA boxes, R1, 
R2 and R4 are located in the same position of the origin, while low 
affinity DnaA boxes, R3 and M are located in the same position of the 
origin except the bacterium, Yersinia pestis. The origin of Yersinia 
pestis contains one more high affinity DnaA box that overlapping with 
DnaA box R1. Although the origin of Yersinia pestis doesn’t contain
any DnaA box in the M position, it contains a 1 misfit DnaA box in the 
I1 position. The obvious differences are that the origin of Shigella 
flexneri has a 2 misfits DnaA box in the R3 position and the origin of 
Vibrio Cholerae has a 2 misfits DnaA box instead of 1 misfit in the 
position. 
 
4
A novel chromosomal site that titrates unusually large a
contributes to negative control of replication by reducing the level o
free DnaA protein (Kitagawa et al., 1998).The datA region titrate
DnaA very efficiently when it contains two consensus DnaA boxes and 
three one misfit boxes (Kitagawa, R., et al, 1996). The datA region o
Escherichia coli locates between the glyV and amiB-mutL operons at 
94.7 min on the genetic map (Kitagawa, R., et al, 1996). And then, we 
searched the high affinity DnaA boxes for this region by using Winseq. 
We found that two consensus DnaA boxes and two one misfit boxes 
which are located between glyY gene and yjeS gene. Based on the 
characteristic of the datA region of E. coli, we could find out the 
location of datA for other bacteria.  
 
E. coli K12 datA characteristic 
T
glyV,glyX,glyY and yjeS gene. The
gene contains a cluster of high affinity DnaA boxes. The region 
between glyY and yjes contains two consensus DnaA boxes and two
one misfit boxes (Fig. 4.2.10).  
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4.2.10 Distribution of DnaA boxes in datA region of E. coli 
 
So we can search Glycine tRNA for each bacterium. The datA locus 
might be located in the region containing Glycine tRNA. And then, we 
could look at the region downstream of Glycine tRNA to find out 
whether it contains a cluster of high affinity DnaA boxes.  
 
E. coli O157 datA identification 
The sequences of E. coli O157 are very similar to the sequences of E. 
coli K12. Three glycine tRNA can also be found in E. coli 0157. The 
downstream of glyY region also contains a cluster of high affinity DnaA 
boxes. Two consensus DnaA boxes and two one misfit boxes are 
located between glyY gene and yjeS gene. And then, we did FASTA 
search to align datA sequences for E. coli 0157 and E. coli K12. We 
found that these two sequences of datA have 99% similarities. Only 
one base pair is different. So this region must be the datA region of E. 
coli 0157.  
 
Salmonella typhimurium and Shigella flexneri datA 
identification 
Salmonella typhimurium and Shigella flexneri both contain three 
glycine tRNA. Moreover, a cluster of high affinity DnaA boxes are 
located in the downstream of glyY gene. In Salmonella typhimurium, 
the region between glyY and yjeS contains four consensus DnaA 
boxes and a DnaA box with one misfit. In Shigella flexneri, the region 
between glyY and yjeS contains two consensus DnaA boxes and a 
DnaA box with one misfit. Based on the comparison of these two 
sequences of datA region, we found that two consensus DnaA boxes 
of datA region in Salmonella typhimurium are corresponding to  a 
DnaA box with 2 misfits and a DnaA box with 1 misfits in Shigella 
flexneri. These two regions contain some conserved DnaA boxes 
comparing with datA region of E. coli K12. So these two regions have 
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high probability to be the datA regions of Salmonella typhimurium and 
Shigella flexneri. 
 
Yersinia pestis datA identification 
The sequences of Yersinia pestis contain a glycine tRNA. The 
downstream of this tRNA-gly contains several high affinity DnaA 
boxes. There are three consensus DnaA boxes and five two misfits 
DnaA boxes and a three misfits DnaA box. So we concluded that this 
region is likely the datA region of Yersinia pestis. 
  
Pseudomonas aeruginosa datA identification 
The replication origin of Pseudoonas aerugiosa is located in ~6,2MB. 
And then, we looked at the region around ~250kb from the origin. We 
found some DnaA boxes that lie in an intergenic region. So this region 
that located in the upstream of ltaA is likely the datA locus of 
Pseudoonas aerugiosa.  
 
Vibrio cholerae datA identification 
Vibrio cholerae has two chromosomes. We focused on the 
chromosome I. We found that the region contains three tRNA-Gly and 
three tRNA-Met. The datA might be there, downstream of tRNA-Met. 
This putative datA region contains two consensus DnaA boxes and two 
2 misfits DnaA boxes.  
 
Vibrio fischeri datA identification 
Vibrio fischeri has two chromosomes as the same as Vibrio cholerae. 
In the chromosome I, we found that the region contains four tRNA-Gly 
and three tRNA-Met. The datA might be there, downstream of 
tRNA-Gly. This putative datA region contains two consensus DnaA 
boxes and three 1 misfit DnaA boxes.  
 
Geobacter sulfurreducens datA identification 
The putative datA region of Geobacter sulfurreducens might be 
located in the downstream of tRNA-Gly. The region contains a 
consensus DnaA box and two 2 misfit DnaA boxes.  
 
Ralstonia solanacearum datA identification 
Based on the analysis of genome sequences, we found two putative 
datA regions of Ralstonia solanacearum. One putative datA region is 
located between priA gene and hemE gene. The region contains two 
consensus DnaA boxes and one 1 misfit DnaA box. The other putative 
datA region is located in the upstream of dbhB gene. This region also 
contains two consensus DnaA boxes and one 1 misfit DnaA box.  
 
Supervisor: Tove Atlung 
Group: Jing Wang, XiaoFang Ma, HongBo Liu, Yuan Zhang 
Project: datA Titration  
DnaA boxes 
                                                            0 misfits 0 0 
                                                            1 misfits 1 1 
                                                            2 misfits 22 
                                                            3 misfits 3 3 
100bp 
 
 
        
E. coli 0517 
E. coli K12  1 1 0 2 0 2 
 
 
0 1 2 0 2 1 
 
 
 
 
 
 
2 
1 0 0 0 2 22 
1 3 2 0 0 
0 
Yersinia pestis 
Shigella flexneri 
Salmonella typhimurium 
3 2 2 2 2 20 0 0 
Fig.4.2.11 Distribution of DnaA boxes in datA region for some bacteria 
* Some of the 2 misfits and 3 misfits DnaA boxes are not showed here. 
 
Based on the sequence analysis of the datA locus for some bacteria, 
the characteristic of datA locus for 13 bacteria contain at least one 
high affinity DnaA box. Two high affinity DnaA boxes are located in the 
same position of datA region, while a few low affinity DnaA boxes are 
located between these two high affinity DnaA boxes. A low affinity 
DnaA box is close to the high affinity DnaA box with same direction 
and the other low affinity DnaA box is close to the other high affinity 
DnaA box with opposite direction.  
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5. Discussion 
5.1 Experiment of Molecular Biology 
 
 Titration 
f1 ++++ 
f1s +++ 
f2 (+) 
f3 -- 
f4 -- 
f5 ++ 
f6 ND 
Figure 5.1 an illustration of the titration. ND means “not decided”. More”+” means 
more binding affinity. F2 shows little binding affinity. 
 
When we refer to the whole results both in β-galactosidase assay and 
flow cytometry, they show very good correlation. So the result should 
be believable even though further experiments still need to be done to 
convince. 
 
We find that f1 has the highest binding affinity. There is no doubt as it 
contains the most DnaA boxes, two of which are even 0 misfits. The 
signal for f1s is a bit weaker than f1, so the two 3 misfit boxes which 
f1s lose may have some function for datA titration. 
 
F5 has a relatively high binding affinity, even though it does not 
contain the second 0 misfit. But it is strange that f2 has little binding 
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affinity even with the first 0 misfit. From this point, we think that the 
first 0 misfit DnaA box may not work alone for efficient binding. 
The 1 misfit box just beside 2A may help while some other 3 misfit and 
4 misfit boxes may also work. We intend to repeat the experiment to 
confirm, but because of the limit of time these results will not be 
included in this report. We are going to make it before the exam. 
 
Neither f4 nor f3 shows binding affinity, even less than f2. It seems 
that the latter part in this region does not work alone to bind the DnaA 
protein. The second 0 misfit box seems not to work alone either.  
 
We have expected that the 0 misfit DnaA box worked efficiently even 
without the help of other boxes. But the results come out differently. 
They do need the cooperative work with other boxes.  
 
Further experiments still need to be done to confirm the above results 
since we only did twice of the titration part. F6 was delayed for some 
unexpected reasons, and we will give further results at the exam. 
 
In the following analysis, we may make a longer fragment than f2 to 
contain the 1 misfit DnaA boxes beside 2A. And compare the result 
with f5 to see whether this 1 misfit box makes the big difference 
between f5 and f2. Fragment that covers exactly the region between 
the two 0 misfit may also be done to compare with f4. Then we can 
find that whether these two 0 misfit DnaA cooperate with each other 
for their function. Make a shorter fragment containing the region 
between the second 0 misfit box and the two 2 misfit boxes at the tail. 
Then we can find that whether these two boxes help with the rise of 
binding affinity since neither f4 nor f3 without them shows no signal. 
 
Also some mutation experiment of a single DnaA box can be done to 
see whether this fragment is important for the function after 
comparing with the one without mutation. It has been reported that 
some point mutations in the DnaA boxes of oriC worked for identifying 
different functions of individual boxes (McGarry, 2004). Others also 
show that mutation of datA increases the free DnaA proteins 
(Kitagawa, 1998). So mutation should be an important tool for 
analyzing different fragments’ function.  
 
The 3D structure affects different locus of DnaA boxes in space: some 
may be on the surface for easy binding while some may be buried. So 
the structure analysis may also help to accurately define the activities 
of different DnaA boxes. It has been reported that the fifth base pair 
“T” in the middle of the second 0 misfit DnaA box helps to bend the 
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structure so as to prevent efficient binding (Hansen, 2005). Also there 
are a few “T” before this box, which may affect the DnaA binding 
function. Mutations in these base pairs may also be done to see 
whether they block the box from efficient binding. 
 
5.2 Sequence analysis 
 
The oriC region contains the five old nonamer DnaA boxes R1, R2, R3, 
R4 and M. Based on the sequence analysis for the prediction of the 
origins, these five DnaA boxes are much conserved in some bacteria. 
The prediction of the origin was done by GC skew analysis. However, 
the GC skew analysis did not exactly point out the position of origin of 
bacteria. For example, from the literature, we knew that 
Pseudomonas aeruginosa has two origins. However, they are totally 
different with the origin from GC skew analysis. From the literature, 
we knew that C.crescentus chromosome replication origin lies 
between hemE and RP001. When we did the prediction of the origin 
for Caulobacte.crescentus, we could not find the hemE or RP001 gene 
in its genome sequence. From the literature, we also knew that its 
origin is located ~5kb from the dnaA gene region (Brassinga, A. K. & 
Marczynski, G. T. 2001). When we looked at that region, we could not 
find any high affinity DnaA boxes. So we can not exactly know the 
position of the origin in C.crescentus genome sequence.  
 
 
Bacteria name E.coliK12 E.coli0157 Salmonela Shigell Yersinia V.cholerae 
Distance  (kbp)* 466 527 513 564 379 363 
 
 
Bacteria name V.fischeri Geobacter Ralstonia Neisseria Pseudomonas 
Distance (kbp) 262 953 98 431 170 
 
*Distances between origins and datA regions 
 
A novel chromosomal site, datA region that titrates unusually large 
amounts of DnaA protein, which contains at least two high affinity 
DnaA boxes basing on the sequence analysis. One of them is 
accompanied by a low affinity DnaA box with the same direction. The 
other is accompanied by a low affinity DnaA box with the opposite 
direction. The several low affinity DnaA boxes lie between these two 
high affinity DnaA boxes especially in Yersinia pestis. One of the 
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significant low affinity DnaA boxes is located in the upstream of the 
high affinity DnaA box ~58 base pair. These results of sequence 
analysis for datA region are based on the sequences of E. coli, 
Salmonella typhimurium, Shigella flexneri, Yersinia pestis. We could 
do much more work, such as drawing out the position of DnaA boxes 
for the rest of bacteria. Comparison of datA region for these 13 
bacteria, we could find out the more conserved DnaA boxes. If we 
have more time, we could do some experimental work to prove the 
results of sequence analysis. Or we could do the multiple alignment 
for the origins and datA sequences of some bacteria. 
Comparing with these two parts of analysis, the conserved DnaA 
boxes should play an important role in the regulation of replication 
initiation. We have analyzed a whole region with the conserved 0 
misfit boxes and 1 misfit boxes in the experiment. This whole region 
shows high binding affinity. But the boxes can not work separately for 
efficient titration. We focused so much on the two 0 misfit boxes. In 
the following analysis, more attention should be paid on the two 
conserved 1 misfit boxes. Still other conserved DnaA boxes need to be 
found for analyze different functions of individual boxes and their 
cooperation. 
 
6. Materials and methods 
6.1 The experiment part 
6.1.1 Strains used in this project are listed below 
1. TC5243=TC4797/pRR1 
This strain was used to prepare the vector plasmid pRR1 for 
cloning experiment. In the titration experiment, it was used as the 
control to compare with the function of other strains containing the 
dnaA boxes. 
2. MG 1655  
(ALO 1825) (Morigen et al, 2003)  
This strain is wild type. The accession number for this strain in 
NCBI is U00096 AE000111-AE000510, and it is from Escherichia 
coli K-12. 
It was used as the template containing the datA region for PCR 
reaction. 
3. TC4797 
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The genotype of this strain araΔ139, Δ(ara,leu)7697, Δlac, X74, 
galU, galK,strA；In the site attB on the chromosome, there is a 
dnaA promoter fused with lacZ and kanamycin resistance gene 
(Hansen et al, 2007). 
This strain was used for preparing competent cells for 
transformation. We used two kinds: Rb++ competent cells and Ca++ 
competent cells. The former was prepared by Kisten and we 
ourselves made the latter. Ca++ competent cells were used for the 
pRR1 fused with f3 and f4 (Table 6.3). All the others used the Rb++ 
competent cells for transformation. 
Growth media 
? LB medium(refer to the appendix) 
? ABT medium(refer to the appendix) 
6.1.2 The primers for PCR and the enzymes 
All the primers were from invitrogen. With the help of WinSeq 
software we designed the first seven primers in table 6.1. “A” stands 
for the sense primer and “B” stands for the anti sense one. Gfp-5 is 
the oligo anti sense primer. “gaattc” was the restriction site for EcoRI 
and “tctaga” for XbaI. EcoRI and XbaI were the two enzymes used for 
digestion. 
 
 Name sequence position in datA Tm 
1 datA1A gatagaattcCCGCTCCAAAATTTGAAAAGTG S339 63.15 
2 datA1B gatatctagaGCATAGTCGAAGTGCAATTGCC E915 64.34 
3 datA2A gatagaattcGCGATGCGTTATTGCTGGTT S602  63.58 
4 datA3A gatagaattcCCACAGCCTCAGGCTGTAATCTT
AA 
S659 65.07 
5 datA4A gatagaattcGTCGATCACTTGACGATTTTATT
CG 
S766 63.28 
6 datA2B gatatctagaAGGGTTACCGCGTGACGC E860 64.85 
7 datA3B gatatctagaTTAAGATTACAGCCTGAGGCTGT
GG 
E683 65.07 
8 PBR1A CCGAAAAGTGCCACCTGACG   
9 Gfp-5 CACATCACACCATCCAGTTCCACC   
Table 6.1 the primers (S: start; E: end) 
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 Use  Company 
Phusion High-Fidelity 
DNA polymerase 
For PCR amplification of six 
fragments 
Finnzymes F553S 
High-Fidelity PCR 
enzyme Mix 
For PCR amplification of six 
fragments 
Fermentas #K0199 
GoTaq® DNA 
Polymerase 
PCR reaction for testing 
colonies of transformants to 
choose the successful ones for 
sequence 
Promega #M3001 
Tag DNA polymerase  PCR for sequence and sequence 
reaction 
Fermentas #EP0401 
EcoR1 Digestion Fermentas #ER0271 
Xba1 Digestion Fermentas #ER0681 
T4 DNA ligase Ligation Fermentas #EL0011 
Table 6.2 the enzymes (the detailed protocols for the enzyme are listed in the 
Appendix)( http://fermentas.com/ ,http://finnzymes.com/, 
http://www.promega.com/applications/ ) 
 
6.1.3 The fragment we want to clone from the datA region 
Using the first seven primers we cloned six fragments. Because of the 
limit of time, we just analyzed the first five and left the sixth one for 
further experiment. 
 
Fragment  Primers  size 
1 1A-1B 597bp 
2 2A-3B 102bp 
3 4A-2B 115bp 
4 3A-2B 222bp 
5 1A-3B 386bp 
6 3A-1B 277bp 
Table6.3 the fragments we got from PCR amplification of selected datA region using the 
primers we designed 
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Figure 6.1 An illustration of the fragments we want to cloned from datA region (made by Tove 
Atlung) 
 
Stains  Information  
TC5283 TC4797+pRR1 with f1 (1A-1B) (a bit shorter than 
f1597bp, refer to sequence result) 
TC5284 TC4797+pRR1 with f1 (1A-1B) 
TC5285 TC4797+pRR1 with f2 (2A-3B) 
TC5286 TC4797+pRR1 with f3 (4A-2B) 
TC5287 TC4797+pRR1 with f4 (3A-2B) 
TC5288 TC4797+pRR1 with f5 (1A-3B) 
TC5289 TC4797+pRR1 with f6 (3A-1B) 
Table 6.4 the strains we made by transforming our plasmids 
6.1.4 Plasmids 
1. pRR1 
pRR1 acts as a vector for the cloning experiment. We chose two 
restriction sites on pRR1 for digestion to insert our own fragment in 
between. They were EcoRI and XbaI. The detailed information about 
pRR1 can be found in Appendix. 
 EcoRI XbaI 
4282bp 
 
 
 
 
 
 
Figure 6.2 pRR1 
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2. the plasmid we constructed by inserting the fragment separately in 
table 6.3 to pRR1 
EcoRI 
XbaI 
4282bp+X 
 
 
 
 
 
 
 
Figure 6.3 plasmids constructed with the six different fragments in table 6.2, yellow stands 
for the inserted fragment. 
6.1.5 PCR, Purification, Digestion, Ligation and 
Transformation 
? For the initial PCR reaction to get the six fragments we used the 
high fidelity polymerase to avoid nonspecific elongation. Phusion 
High-Fidelity DNA polymerase was used for f1(1A-1B), f2(2A-3B), 
f5(1A-3B); and High-Fidelity PCR enzyme Mix for f3(4A-2B), 
f4(3A-2B). For purification after PCR we choose High Pure PCR 
Product Purification column (Roche-Applied-Science Catalog# 
11732676001) (www.roche-applied-science.com ). 
? After the amplified fragments were ready, we did fragments and 
vector digestion using EcoRI and XbaI. The enzymes were made 
inactive by heating at 65ºC for 20 minutes after digestion. The 
digestion was tested by an agarose gel electrophoresis. We made 
three controls: pRR1 cut with EcoRI; pRR1 cut with XbaI and pRR1 
without enzymes. After running a gel with all of the samples, we 
compare these controls with pRR1 cut with two enzymes to see 
whether the digestion worked. The digestion enzyme was made 
inactive by heating at 65ºC for 20 minutes. 
contents Final concentration Amount/µl 
10X Y+ /TANGOTM Buffer 2X 2 
DNA  4 
Sterial water  4 
enzyme  0.1/1µg DNA (we take very 
little, ~0.1µl for one 
digestion ) 
Final volume 10 
Table 6.5 the protocol used for digestion, overnight incubation. 
(http://www.fermentas.com/doubledigest/ , the amount depends on individual digestion). 
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? If the digestion is OK, ligation can be done as follows: 
 
 Final concentration Amount/µl 
Vector 
DNA 
X 
Insert 
DNA  
Y 
 10 
ATP 10mM 2mM 2 
DTT 100mM 20mM 4 
T4 DNA ligase  1 
Y+ /TANGOTM Buffer 1X 0 
Sterile water  3 
Final volume 20 
Table 6.6 the protocol for ligation, overnight incubation (the amount depend on individual 
experiment http://www.fermentas.com/catalog/modifyingenzymes/t4dnaligase.htm ) 
 
In the digestion mixture, the concentration of tango buffer is 2X, and 
in ligation we made it to 1X by diluted with other reagents as in table 
6.6.  
 
The molecular ratio for fragment: vector in this experiment is 4(but 
for fragment 3 and 4 it was 3). The amount of the DNA added should 
depend on the estimated concentration. So we put the detailed 
information for the amount in the Appendix. 
The ligation mixture was tested by an agarose gel electrophoresis to 
see whether the vector DNA and the inserted DNA really ligated 
together. 
 
? We transformed the ligated plasmids to the cell TC4797. The 
detailed procedures for transformation were added in the Appendix.  
After overnight incubation of the plate, we did the PCR test and 
restricted single colony simultaneously. The procedures are 
illustrated in figure 6.4. The PCR test aimed to find colonies with 
successfully ligated plasmids for further test by sequencing. We used 
the A primers in table 6.1 as the sense primer, and gfp-5 as the 
anti-sense primer. In this case, if the ligation is really successful, we 
can get the PCR product. For there is no such DNA sequence as A 
primer in pRR1 without recombination. pRR1 acted as the control for 
PCR. Tag DNA polymerase was used (refer to the Appendix). And 16 
colonies were chosen for every fragment. 
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plate 
Tube with sterile water to 
make template 
Plate for restricting 
single colony 
Bamboo stick 
after take a 
single colony 
 
 
 
 
 
 
 
 
 
 
Figure6.4 make the PCR template and restrike colonies at the same time 
 
6.1.6 Sequence and Choose the proper strains for titration 
We used oligo primers (PBR1-A and Gfp-5) to PCR amplify the 
template fragment for sequence reaction using Tag DNA polymerase. 
Totally we did two sequence experiments: the first with two primers 
and the second with only PBR1-A. There was no significant difference 
when comparing the results with the sense primer and the anti-sense 
one. So we only used one primer the second time. 
 
 Amount/µl 
template 1 
Sterile water 3 
Terminator “ready reaction” Mix 4 
Sequence primer(1.6µM) 1 
Final volume 10 
Table 6.7 protocol for sequence reaction (96ºC for 30 seconds+ 50ºC for 15 seconds+60ºC 
for 4 min)* 25 Hold at 4ºC. 
 
Compare the sequence result using WinSeq software to choose the 
proper colonies. We will analyze the sequence result in the part 
“Result”.  
6.1.7 Titration experiment (β-Galactosidase assay and Flow 
cytometry) 
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Grow preculture in 20ml ABT medium with ~10 colonies 1 
3 samples for β-Galactosidase 
 
 
 
 
 
Figure 6.5 a flow chart for titration experiment 
The titration experiment can be illustrated as above in figure 6.5, the 
detailed procedures for β-Galactosidase assay and flow cytometry are 
attached in the appendix. 
 
6.2 Sequence Analysis 
6.2.1 GC skew analysis 
DNA strands change their character from leading to lagging and vice 
versa at the origin and termination region. The leading strand is 
enriched in G and T, while the lagging strand is enriched in A and C.  
GC-skew analysis measure the distribution of Gs in the content of GC.  
The content of G in the leading strand must be greater than the 
content of G in the lagging strand. GC skew, can be used to locate the 
origin of replication (Lobry, et al, 1996). GC skew is captured in the 
formula (G-C)/ (G+C), which shows a switch in polarity at origin and 
terminus. Basing on the GC skew analysis and location of DnaA 
protein, the origin could be identified.  
3ml culture 1 to 27ml ABT (Dilute 10 
times), grow until OD450=0.4~0.5 
6ml culture2 to 24ml ABT (Dilute 5 
times), grow to OD450=0.4~0.5 
2 
3 
2 samples for flow cytometry 
with and without antibiotics. 
3 samples for β-Galactosidase 
2 samples for flow cytometry 
with and without antibiotics 
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6.2.2 Signal Search (Motif finding) 
Motif is a short conserved sequence pattern associated with distinct 
function of a protein or DNA. So identification of motifs is an important 
way to characterize unknown protein functions. Identification of 
motifs relies on the multiple sequence alignment (Jin Xiong, Essential 
Bioinformatics, Cambridge, 85) 
 
6.2.3 FASTA Search (Align two sequences) 
FASTA is a tool for searching similarities of two sequences. It can be 
used for a protein or nucleotide comparisons. FASTA uses hashing 
strategy to find matches. It also uses E-values and bit score.  
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8. Software 
8.1 WinSeq 
WinSeq is a good program for sequence analysis. It was written and is 
maintained by a single investigator; Flemming G. Hansen at the 
Technical University of Denmark. Winseq is a Windows based 
sequence analysis program with a user interface.   
 
Procedure of prediction of replication origin and datA locus 
 
First go to NCBI database website 
ftp://ftp.ncbi.nih.gov/genomes/Bacteria/ and download the database 
file for each bacteria genome. Here we need GBK file and FNA file. And 
then, we can open those files by Winseq. Step 1, run WinSeq program, 
open GBK file, click ‘file’ menu and choose ‘view annotation’, and we 
can know the information about the bacteria genome from the 
annotation. And then, to find the position of oriC,dnaA gene,gidA gene 
and mioC gene, click ‘edit’ menu and choose ‘find’, input keyword 
‘oriC’or ‘dnaA’ or ‘gidA’ respectively. Record the position. Step 2,  
Click ‘Genomic tools’ menu and choose ‘view details’, look at the 
position between gidA and mioC if we found out from step 1. Right 
click and choose ‘select enzymes for new anlysis’. Choose ‘DnaAbox’ 
enzyme that we can make it by ourselves. This DnaAbox is 0 misfit. 
And then, Right click and choose ‘select sequence motives’. Choose 
‘DnaA box’ in the signal definition file. We can edit any misfits dnaA 
boxes in this file. So the signals of dnaA boxes can be marked on the 
DNA sequence. We can easily see how many dnaA boxes in the 
favourite region to check that this region is origin or datA. Step 3, 
click ‘search’ and choose ‘one signal sequence’. In the sequence text 
field, input part of glycine tRNA sequence- 
GCGGGAATAGCTCAGTTGGTA, the weight is 5 automatically, misfit 
value is 0, the sequence will be found by 0 misfits. If the weight is 5 
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and misfit value is 5, the sequence that showed is 1 misfit (weight 
divided by misfit value). Record the position of glycine tRNA.  
The datA locus might be located in that region containing Gly tRNA. 
And then, use the way that mentioned in step 2, mark the signals of 
dnaA box on DNA sequence, look at those dnaA boxes and check that 
this region is datA or not. Step 4, if the genome sequence does not 
have Gly tRNA, use another way to find out datA locus. Click ‘file’ 
menu and choose ‘Open Raw sequence’, open FNA file, rename 
‘nc.fna’ that is shorter than 9 character. Open datA.nsq file. Click 
‘homology’ menu and choose ‘FASTA-database search’. We can see 
that which region has significant similarity with datA of E.coli K12.  
8.2 GenSkewApp 
GenSkewApp is a good tool for identification of origion region. It can 
be download from the following website. 
       http://mips.gsf.de/services/analysis/genskew
GenSkew is an application for computing and plotting nucleotide skew 
data. The minimum and maximum of a GC-skew can be used to 
predict the origin of replication (minimum) and the terminus location 
(maximum) in procaryotic genomes. 
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Appendix 
1. Plasmid Miniprep  
Isolate a single colony from a freshly streaked selectively plate, and inoculate a 
starter culture of 1-5ml LB medium containing the appropriate selective 
antibiotic. Incubate for ~12-16hr at 37ºC with vigorous shaking(~300rpm). 
Pellet bacterial cells by centrifugation at 10,000 xg for 1min at room 
temperature. Remove the supernatant (collection flask for biological waste). 
Resuspend the cells in 250 µl Sol I/RNase solution. Vortex well to disperse the 
pellet. 
Add 250 µl Sol II, mix carefully by inverting the tube 4-5 times to obtain a clear 
lysate. Incubate 2 min at room temperature. 
Add 350 µl Sol III and mix by inverting the tube until a flocculent white 
precipitate forms.  
Centrifuge ~13.000x g, 10 min. 
Transfer the clear supernatant to a clean HiBind DNA Miniprep Column 
assembled in a provided 2ml collection tube. Centrifuge for 1 min at ~13.000x 
g. 
Discard the flow-through liquid. Add 500µl of Buffer HB to wash the HiBind DNA 
Miniprep Column. Centrifuge for 1 min at ~13.000x g. 
Discard the flow-through liquid. Add 700µl of DNA Wash Buffer diluted with 
absolute ethanol to wash the HiBind DNA Miniprep Column. Centrifuge for 1 min 
at ~13.000x g. 
Repeat wash step with another 700µl of DNA Wash Buffer diluted with absolute 
ethanol. 
Centrifuge the empty column for 2min at~13.000x g to dry the column matrix. 
Place the column into a clean 1.5ml microcentrifuge tube. Add 50µl-100µl of 
elution buffer or sterile deionized water directly onto the column matrix and 
centrifuge for 1 min at ~13.000x g to elute DNA.  
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Sol I: 50 mM glukose (= 0,9 % glukose) 
 10 mM EDTA 
 25 mM Tris-HCl, pH 8, 0 
 Can be autoclaved, or store at 4°C. 
Sol II: 0.2 M NaOH  
 1 % SDS 
 Mixed max 1 week before use from 5 M NaOH and 10 % SDS stocks  
 (for 5 ml: 4.3 ml MilliQ water, 200 µl 5 M NaOH, 0,5 ml 10% SDSW) 
Sol III: 3 M Natriumacetate, pH 4.8. Per 100 ml: 29.5 g natriumacetat is dissolved in 
approx. 30 ml MilliQ water. Add 28.5 ml 100% acetic acid and adjust the volume 
to 100 ml with MilliQ water. Check pH. 
 
2. PCR reaction 
Stock 
solutions 
Final 
concentration 
Phusion 
High-Fidelity 
DNA 
polymerase 
High-Fidelity 
PCR enzyme 
Mix 
GoTag DNA 
polymerase 
Tag DNA 
polymerase 
dNTP 
mix(2mM) 
200μM 2.5μL 2.5μL 1μL 2.5μL 
MgCl(25mM) 2.5mM 2.5μL 2.5μL 0 2.5μL 
Reaction 
buffer 
1X (5X) 5μL (10X) 2.5μL (5X Green 
Buffer) 2μL 
(10X) 2.5μL 
Primer 
1(20μM) 
0.1~1μM 0.625μL(0.5μM) 1μL(0.8μM) 0.5μL(1μM) 1.25μL(1μM) 
Primer 
2(20μM) 
0.1~1μM 0.625μL(0.5μM) 1μL(0.8μM) 0.5μL(1μM) 1.25μL(1μM) 
Polymerase (protocol) 0.25μL 0.25μL 0.05μL 0.5μL 
Sterile water  Add to 25μL Add to 25μL Add to 
10μL 
Add to 25μL 
template 10pg~1μg X X X X 
Final volumn 
/μL 
 25μL 25μL 10μL 25μL 
Table2.1 PCR reaction mixture 
 
Tem/ºC Tim Number of cycles Step 
1 2 3 4 1 2 3 4 1 2 3 4 
Initial 
denaturation 
98 94 95 95 2 
min 
2 
min 
2 
min 
2 
min 
1 1 1 1 
Denaturation  98 95 95 95 10 
sec 
45 
sec 
40 
sec 
30 
sec 
24 24 24 24 
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annealing 68 58 58 58 30 
sec 
45 
sec 
40 
sec 
30 
sec 
extension 72 72 72 72 30 
sec 
30 
sec 
30 
sec 
20 
sec 
Final 
extension 
72 72 72 72 10 
min 
10 
min 
5 
min 
10 
min 
1 1 1 1 
 1: Phusion High-Fidelity DNA polymerase 2: High-Fidelity PCR enzyme Mix 3: 
GoTag DNA polymerase 4: Tag DNA polymerase 
Table for PCR steps (for Phusion High-Fidelity DNA polymerase, the 
annealing tem is 2~3ºC above the primer’s TM while others are 
5~7ºC below. The detailed steps for every enzyme can refer to the 
reference in the company’s website) 
3. Purification of PCR 
? Using High Pure PCR Product Protocol (Roche-Applied-Science Catalog# 
11732676001) (www.roche-applied-science.com). The detailed protocol can be 
found on the website above. 
 
? Purify from Gel (MinEluteTM Gel Extraction Kit Cat. No. 28604 
LotNo.124104033 
http://www1.qiagen.com/Products/DnaCleanup/GelPcrSiCleanupSystems/MinElut
eGelExtractionKit.aspx?ShowInfo=1  ) 
The MinElute system can be shown in the figure below. It uses a simple bind-wash-elute 
procedure. Gel slices are dissolved in a buffer containing a pH indicator, allowing easy 
determination of the optimal pH for DNA binding, and the mixture is applied to the MinElute 
spin column. Nucleic acids adsorb to the silica-gel membrane in the high-salt conditions 
provided by the buffer. Impurities are washed away and pure DNA is eluted with a small 
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volume of low-salt buffer provided or water, ready to use in all subsequent applications. You 
can find the detailed procedures in the website above. 
 
4. Ligation 
The concentration of DNA refer to the Gel 
  
Marker 1 2 5 
Marker vector 
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Figure A4.1 the marker (GeneRulerTM Express DNA Ladder, Fermentas #SM1551) and f1 
(1A-1B), f2 (2A-3B), f5(1A-3B) were all 2μl in the gel; in the second gel, the marker λBST and 
vector 2μl,  
f1 (1A-1B) 4.5ng/μL, f2 (2A-3B) 1.3ng/μL, f5 (1A-3B) 4ng/μL, Vector 9ng/μL 
 
 
Figure A 4.2 m(left): 
GeneRulerTM Express 
DNA Ladder; 3: 
f3(4A-2B); 4: 
f4(3A-2B); v: vector; p: 
pRR1;m(right): marker 
λBST. All the samples in 
the gel were all 4μL. 
 
Page 55 of 64 
 
3 m 4 v m p 
 
f3 (4A-2B) 14 ng/μL, f4 (3A-2B) 14 ng/μL, vector 7ng/μL 
The ratio for X: Y (table 5.5) 
 f1(1A-1B) f2(2A-3B) f3(4A-2B) f4(3A-2B) f5(1A-3B) 
X(vector DNA) 1 5 20 10 5 
Y(inserted 
DNA) 
1 3 1 1 3 
 
5. Preparation of competent cells by Ca++ procedure 
using Ole Dich centrifuge and transformation 
• A fresh overnight culture of the host strain is diluted 1:25 in LB medium and 
incubated in a shaking water bath until OD450 reaches 1. This takes 1 to 2 hr, 
depending on the strain and the growth temperature. 
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• Harvest 6x8 ml culture in 9 ml tubes by centrifugation in the Ole Dich 
refrigerated centrifuge at 8000 g for 2 minutes. The centrifuge and rotor should 
preferentially be prechilled to 4°C. 
• Wash the cells with 6x6 ml ice-cold 10 mM MgSO4. Start by adding 1 ml and 
resuspend cells with a short shaking on the whirly mixer, add remaining 5 ml 
and centrifuge again at 8000 g for 2 minutes. Pour off the liquid.  
• Resuspend the cells gently in 6x1 ml ice-cold 50 mM CaCl2 using the pipette. 
Take care not to disrupt the cells, they are quite fragile now. Collect the cells into 
2-3 tubes, fill up with ice-cold 50 mM CaCl2 to 8 ml pr tube and incubate at 0°C 
for 30 minutes.  
• Harvest the cells (8000 G for 2 minutes). Resuspend the cells as above in 2 ml 
ice-cold 50 mM CaCl2 and incubate at 0°C for 60 minutes or longer. The cells are 
now competent. They may be kept for several days in the refrigerator. 
• Place (labelled) E-tubes in an ice bath. Always include a no DNA control (and an 
uncut plasmid control for transformation of ligation mixtures) 
• Add 50 l of cells to each tube 　  
• Add 5 l of DNA (DNA max 1/10 volume of cells)　  
• Incubate on ice for 30 min or longer time 
• Heat shock by incubation at 42 ºC for 5 min (heating block or water bath) 
• Place tubes at room temperature and add 100 – 1000 l of LB (5 tim　 es volume 
of cells) 
• Incubate at appropriate temperature – normally 37 ºC for 30 min – 2 hrs 
• Plate on dried LB plates containing appropriate antibiotic. Incubate plates at 
appropriate temperature. 
§ Time depends on antibiotic 30 -60 min OK for ampicillin, 60 – 120 min for other 
antibiotics 
6. β-galactosidase samples and assay with ONPG 
Sample preparation: 
From an exponentially growing culture:  
Transfer 1 (or 1,5) ml cells to a 9 ml polypropylen tube (Ole Dich tube) or a 2 ml 
Eppendorf tube containing 50 (75) 　l of 4 mg/ml chloramphenicol in H2O to stop 
protein synthesis. Simultaneously take a sample and determine cell mass as OD450 
or OD600. 
In the hood (stinkskab): add 2-3 drops (50　l) of toluen to each tube, shake for 1 
min, cover tubes loosely with alumina foil and leave overnight for evaporation of 
toluene (alternatively place tubes in a 37 C waterbath in the hood and blow air from 
a hairdryer or other device over the tubes untill all toluene has evaporated – 
approximately 2 hours). 
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Shake the tubes to resuspend the toluenized cells and pipet precisely 50　l -. 1 ml 
(the volume depends on the specific activity in the cells) to a 5 or 10 ml Nunc tube. 
If you use different volumes for the different samples, then fill up with growth 
medium to get the same volume in all. Cell volumes >400 　l work best with cells 
grown in AB medium. 
Make at least 3 reference samples containing the same volume of growth medium.  
Place the tubes in a 30 C waterbath. 
For samples of 50 –200 　l cells start the assay by addition of 1 ml of 1 x ONPG in 
Z-buffer (use a multidispense pipet if you have many samples) 
For samples of more than 200 　l fill up to 1 ml with Z-buffer and start the assay by 
addition of 200 　l of 5xONPG in Z-buffer. 
Note the start time for the assay. 
When the assay shows an appropriate yellow color (twice as yellow as a yellow tip) 
stop the assay by addition of 0.5 ml of 1 M Na2CO3. Note the stop time.  
Measure OD420 relative to the reference. If you have visible OD due to cells then 
measure also OD600 to use for correction – or spin down the cells before measuring. 
Unit definition: OD420/ ((stop time – start time) * ml sample) 
Miller unit (specific activity): OD420/ ((stop time – start time) * ml sample * OD600) 
   This is OD600 of the culture at the time you took the sample 
Z-buffer:   Til 2 liter 
0,06 M Na2HPO4 21,36 g 
0,04 M naH2PO4 12,48 g 
0,01M KCl  1,49 g 
0,001 M MgSO4 0,495 g 
Dissolve in 1.5 liter MilliQ water. Adjust pH to 7,0 with approx. 10 ml 1 M NaOH. Add 
MilliQ water to 2 l. (Autoclave for long term storage) 
5 x ONPG stock solution 4 mg/ml: e.g. 400 mg ONPG 
(ortho-nitrophenyl-　-galactosid) dissolved in 100 ml Z-buffer on magnetic stirrer. 
Store at –20 ºC in plastic tubes with blue screwcap.  
7. Flow cytometry procedures 
Origin determination – Rif samples: 
1) Take 1 ml cells to a test tube with 10 　l 30 mg/ml rifampicin and 10 　l 36 
mg/ml Chephalexin.  
2) Incubate 90 – 180 min with shaking at appropiate temperature (usually 37 ºC) 
Preparation of samples for Flowcytometry: 
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1) Harvest 1 ml cells OD450 0.2-0.4 (use authentic Eppendorf tubes that has a tight 
fitting lid) 
2) Resuspend in 100 　l icecold 10 mM TrisHCl pH 7.4 
3) Add 1 ml 77% Etanol icecold. Fix the cells for 30 min on ice or over night in the 
refrigerator. The sample will keep for several months at 4 ºC. 
Staining of samples with mithramycin/ethidiumbromide: 
(has to be done on the day you run the samples on the flow cytometer) 
1) Spin down 0.05-0.2 ml fixed cells, 3-4 min at 10.000 rpm at 4 ºC. 
2) Remove all liquid – keep on ice. 
3) Resuspend in 140 　l of staining solution, keep on ice in the dark. 
The sample should be heated to room temperature – take it out of the ice bath 5-15 
min before running it on the flowcytometer. 
Solutions: 
77% Ethanol: 160 ml of 96% Ethanol + 40 ml MilliQ water 
Staining solution: 
90 　g/ml Mithramycin, 20 　g/ml Ethidiumbromide in 10 mM TrisHCl pH7.4, 10 mM 
MgCl2. 
8. growth medium 
LB (http://www.changbioscience.com/protocols/recipe/LBmedium.htm ) 
Bacto-Tryptone 10 g 
Bacto-yeast extract 5 g 
NaCl 10 g 
ddH2O to 1 litter 
Total volume 1litter 
Note: adjust pH to 7.0 and autoclave to sterilize 
ABT (1 litter) 
Sterile Water 900ml 
A10 Salts 100ml 
1M MgCl2 1ml 
1M CaCl2 0.1ml 
0.01M FeCl3 0.3ml 
4mg/ml Thiamin(B1) 0.4ml 
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20% glucose 10ml 
20% Casamino acid 50ml 
9. Sequence analysis 
GC skew             Annotation rep_origin Gly tRNA          datA locus        datA length FASTA          dnaA gene                    gidA gene
Bacteria rep_origin              rep_origin length (main dnaA boxes)
From To From To
E.coliK12 3919956 3923767 3924012 245 4390383 4390133 4392178 2045 3880349 3881752 3921767 3923656
[NC_000913] 4390495 (4390654 4390964) 310
 4390606
E.coli 0157 4717285 4719200 4719456 256 5246085 5245870 5247900 2030 4668559 4669962 4717188 4719077
[NC_002695] 5246197 (5246356 5246666) 310 99%
5246308
gidA mioC
Salmonella 4079881 4083887 4084166 279 4596420 4596220 4616240 2020 4043624 4045024 4081898 4083787
[NC_003197] 4596652 (4596948 4597258) 310 63%
4596884
Shigella 3819204 3933001 3933280 279 4496947 4496947 4498970 2023 3869099 3870325 3931012 3932901
[NC_004337] 4497180 (4497453 4497763) 310 98.70%
4497291
4497402
Yersinia 1 1 271 271 379434 379230 379821 591 4618341 4619729 4651728 4653617
[NC_003143] (379500 379810) 310 59.00%
Pseudomonas 6238945 6259397 6259647 250 3173675 6090706 6092046 1340 483 2027 6257305 6259197
[NC_002516] 100 350 250 3173835
Met tRNA
Vibrio Cho  1 1 271 271 362691 362691 364720 2029 7397 8815 2959151 2961046
[NC_002505] 362810 (363205 363555) 350
362929
Vibrio Fis 2906001 1 350 350 2624710 2624152 2624512 360 7401 8810 2904225 2906114
[NC_006840] 2624955
2625201
467249
Geobacter 7629 515594 515839 245 1468378 1468452 1468634 182 30 1367 3808040 3808924
[NC_003197] 2393643
3147195
Caulobacte 4011985 hemE RP001 1187706 not found not found 5636 7108 4006953 4008875
[NC_002939] 1187831
1397384
Ralstonia 1 1 245 245 1126237 3617817 3618068 250 3714708 3716276 3589890 3591833
[NC_003295] 1126367 3565365 3565615 250
Neisseria 246793 219872 220117 245 527449 678980 679220 240 53.10% 527602 529158 71870 73756
[NC_003116] 247620 248040 420 527472
Pelagibacter 307381 335452 335797 345 not found not found 398915 400249 343083 344954
[NC_007205]
 
Table 9.1 Location of the origin and the datA for 13 bacteria 
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    DnaA boxes
     0 misfits      1 misfits      2 misfits     3 misfits
   Top  Bottom   Top  Bottom     Top   Bottom    Top   Bottom
E. coli K 12 163 65 120 215 142
237 206 158
E.c O157 151 53 108
225 194
Salmonell 174 76 131
248 217
Shigella 174 76 131 217
248
Yersinia 69 64 141
162 205
236
V.cholera 179 81 222 136
253
Table 9.2 Location of DnaA boxes in origin region 
 
 
    DnaA boxes
     0 misfit      1 misfit      2 misfit 3 misfit
   Top  Bottom    Top  Bottom    Top  Bottom    Top
E.coli K12 113 46 295 101 169
275
E.coli 0157 113 46 295 101 169
275
Salmonella 31 279 16 86 165
98 210
259
Shigella 111 293 44 189 101
273
Yersinia 36 181 92
104 197
265 210
288
Table 9.3 Location of DnaA boxes in datA region 
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11 
150        160          170        180        190        200        
f2       GAATTCGCGATGCGTTATTGCTGGTTTTTGTTGTCTCTGACAAACTCTTGTAAACAGAGT 
          X::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
PRR1-f2 GAATTCGCGATGCGTTATTGCTGGTTTTTGTTGTCTCTGACAAACTCTTGTAAACAGAGT 
                   10          20          30          40          50        60 
 
            210         220        230        240        250         260      
f2       TATCCACAGCCTCAGGCTGTAATCTTAATCTAGATTAAGGAGGCCATATGTCTAAAGGTG 
          :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
PRR1-f2 TATCCACAGCCTCAGGCTGTAATCTTAATCTAGATTAAGGAGGCCATATGTCTAAAGGTG 
                   70          80         90         100        110         120 
 
           70          80          90         100         110         120          130       140   
f3.       GAATTCGTCGATCACTTGACGATTTTATTCGTCTTGAATTGCAATGCGTTTTTATTTTTATTCACAAGCTGTGGAT 
X::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
pRR1-f3   GAATTCGTCGATCACTTGACGATTTTATTCGTCTTGAATTGCAATGCGTTTTTATTTTTATTCACAAGCTGTGGAT  
                 10          20          30          40          50          60          70          
                   150        160        170        180         
f3          GAATCAGGCGTCACGCGGTAACCCTTCTAGATTAAGGAGGCCAT 
             :::::::::::::::::::::::::::::::::::::::::::: 
PRR1- f3   GAATCAGGCGTCACGCGGTAACCCTTCTAGATTAAGGAGGCCAT 
             80          90       100       110       120      
 
          70         80         90        100        110        120         130        140        
f4       AATTCCCACAGCCTCAGGCTGTAATCTTAATTTCAAAGAAACTTCGCACGGTGAATAGTATTTTTTTAACCTATTG 
X:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
pRR1-f4 ATTCCCACAGCCTCAGGCTGTAATCTTAATTTCAAAGAAACTTCGCACGGTGAATAGTATTTTTTTAACCTATTG 
               10         20         30         40         50         60         70         80    
             150        160        170        180        190        200         210         220   
f4          ATAGATAAGTTAAAAATTAAGATTCCGTTTTGTCGAGTCGATCACTTGACGATTTTATTCGTCTTGAATTGCAAT 
            :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
pRR1-f4   ATAGATAAGTTAAAAATTAAGATTCCGTTTTGTCGAGTCGATCACTTGACGATTTTATTCGTCTTGAATTGCAAT 
                   90        100        110        120        130        140        150       160 
                   230         240         250         260         270         280         290 
f4           GCGTTTTTATTTTTATTCACAAGCTGTGGATGAATCAGGCGTCACGCGGTAACCCTTCTAGATTAAGGAGGC 
              :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
PRR1-f4     GCGTTTTTATTTTTATTCACAAGCTGTGGATGAATCAGGCGTCACGCGGTAACCCTTCTAGATTAAGGAGGC 
170         180         190         200          210         220       
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120        130         140          150         160           170    
f5         TTCCCGCTCCAAAATTTGAAAAGTGCTGCAAAGCACAGACCACCCAAGCGGGAATAGCTC 
            X::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
pRR1-f5   TTCCCGCTCCAAAATTTGAAAAGTGCTGCAAAGCACAGACCACCCAAGCGGGAATAGCTC 
                 30          40           50           60           70          80 
                 180        190         200          210         220         230   
f5           AGTTGGTAGAGCACGACCTTGCCAAGGTCGGGGTCGCGAGTTCGAGTCTCGTTTCCCGCT 
              :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
pRR1-f5     AGTTGGTAGAGCACGACCTTGCCAAGGTCGGGGTCGCGAGTTCGAGTCTCGTTTCCCGCT 
                       90          100       110        120        130       140   
                 240        250        260        270        280        290       
f5           CCAAAATTTGAAAGTGCTGTAAGGCACAGACCACCCAAGCGGGAATAGCTCAGTTGGTAG 
              :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
pRR1-f5     CCAAAATTTGAAAGTGCTGTAAGGCACAGACCACCCAAGCGGGAATAGCTCAGTTGGTAG 
                      150        160         170        180        190       200     
                 300        310        320        330        340        350         
f5            AGCACGACCTTGCCAAGGTCGGGGTCGCGAGTTCGAGTCTCGTTTCCCGCTCCAAATTCT 
               :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
pRR1-f5      AGCACGACCTTGCCAAGGTCGGGGTCGCGAGTTCGAGTCTCGTTTCCCGCTCCAAATTCT 
                  210        220        230        240        250        260     
 
              360        370         380         390        400         410          
f5           TCTCTCAATAAAATATCCACAGCGACGCGATGCGTTATTGCTGGTTTTTGTTGTCTCTGA 
             :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
pRR1-f5     TCTCTCAATAAAATATCCACAGCGACGCGATGCGTTATTGCTGGTTTTTGTTGTCTCTGA 
                    270       280         290        300         310        320     
              420        430         440        450        460        470        
f5          CAAACTCTTGTAAACAGAGTTATCCACAGCCTCAGGCTGTAATCTTAATCTAGATTAAGG 
             :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
pRR1-f5    CAAACTCTTGTAAACAGAGTTATCCACAGCCTCAGGCTGTAATCTTAATCTAGATTAAGG 
                   330        340        350         360        370       380     
 
 
